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TECHNOLOGIES AND PRACTICES TO REDUCE IMPACTS OF ARTIFICIAL LIGHT AT 
NIGHT ON NIGHTIME SCENERY 
Cynthia J Lapp Starry Skies Lake Superior IDA, Duluth, MN 
Randall S Larson Starry Skies Lake Superior IDA, Duluth, MN 
ABSTRACT  
Artificial light at night (ALAN) adversely impacts nighttime scenery values. Current standards for LED 
lighting have led to brighter nighttime lighting, using color temperatures that are more harmful to 
human and ecological health, and which create an exponentially larger landscape impact than historical 
ALAN technologies. Less-harmful LED lighting and other existing technologies can be used to control 
artificial light at night, creating safe and pleasing perceptual nighttime experiences while minimizing 
ecological impacts. Minimizing the impact of artificial light at night requires understanding new lighting 
technologies, and management practices that extend beyond current lighting standards. This is crucial in 
order to sustain and protect the visual and cultural qualities of the landscape, and the ecological 
functions that we enjoy and depend upon. This paper will outline how the human body perceives and is 
affected by light, a key component to the success of implementing light pollution mitigation; discuss 
existing and evolving fixture programming technologies, and present challenges faced and lessons 
learned in implementing new lighting standards that support visual resource stewardship.   
INTRODUCTION 
Night skies and natural darkness are recognized as cultural resources (Rogers 2001), requisite for the 
health of ecological systems (Longcore & Rich 2004, Hölker 2010, Pawson 2014, Knop 2017) and humans 
(AMA 2016). Protecting access to night skies and providing natural darkness are important aspects of 
visual resource stewardship (Turina 2018).  
While worldwide research on the importance of night skies and natural darkness grows, a lack of 
understanding of the impact of artificial light at night (ALAN) and light pollution, and rapid changes in 
lighting technologies, have complicated the updating of standards for and deployment of less harmful 
night lighting (Monrad 2019). 
This paper will focus on the impact of ALAN on human systems, and our recommendations for 
minimizing the impacts of ALAN on human and ecological health. We begin with a background on our 
motivation and a definition of light pollution. We then offer a basic review of light and lighting 
technologies, emphasizing the two qualities of light we will focus on, color temperature and intensity, 
followed by a review of the human response to light, including vision and circadian rhythm, and how 
natural light cycles differ from our current experience of ALAN.  
We close with recommendations for ALAN based on our understanding of human physiology, current 
research, and the role of natural darkness.  
Our Background 
Exposed from an early age to the magnificence of the stars, planets, Milky Way, meteor showers and 
aurora borealis, we had the opportunity, rare in our industrialized culture but common to millions of 
years of the Earth’s evolution, of seeing shadows from starlight and navigating open waters at night in 
complete natural darkness. Inspired by these early life experiences, we began working to minimize light 
pollution in the Lake Superior region in 2007. 
We co-founded Starry Skies Lake Superior, a chapter of the International Dark Sky Association, in 2015. 
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While presenting to and speaking with various groups and citizens about minimizing light pollution, it 
became apparent that decision-makers needed to understand how humans perceive light. Our 
anecdotal experience is that when people understand the human physiological response to light, it 
assists in conveying the importance of minimizing light pollution, and contributes to the understanding 
of how ALAN affects other species in our ecosystem. 
 
Light Pollution 
We define light pollution as human-sourced light in the nighttime environment that is excessive, 
misdirected or obtrusive, having a disruptive effect on natural cycles, and inhibiting the observation of 
night sky phenomena. While all ALAN can adversely impact human health and the healthy functioning of 
the Earth’s ecosystems, it is recognized that humans will continue to use ALAN. Our goal is to minimize 
the use of ALAN and its effects through appropriate choices, paying special attention to color 




What we generally refer to as “light” is known as a relatively narrow range of electromagnetic 
wavelengths that is perceptible to the human eye. Different species have different wavelength 
sensitivities, including spectra beyond what is visible to humans. For example, various species of birds 
are sensitive to ultra violet wavelengths (Bennett 1994). 
 
We perceive many visual qualities of light, including intensity, color, contrast, direction, distribution, 
texture and movement. These are all important to visual perception. We will focus on the color and 
intensity of light for their roles in triggering biological response (Aubé 2013). 
 
Color Temperature 
Historically, the source of color in artificial light arose directly from the fuel combusted to produce the 
light. Fiber, oils, and waxes derived from plant and animal sources produced various colors of light. 
Technological advances in artificial lighting included simple wicks, woven wicks, glass, reflectors, the 
refining of fossil fuels, and electricity (Nordhaus 1994). Adverse effects of ALAN on wildlife were 
chronicled, in the case of lighthouses, as early as 1880 (Allen 1880).  
 
The measure of the color of light currently in use is the Kelvin scale; originally correlating the 
temperature of heated carbon to the color the carbon appears at that temperature. This is described as 
the Correlated Color Temperature (CCT) of a light source, in which lower Kelvin temperatures signify 






























Figure 1:  Color Temperature in the Kelvin scale with atmospheric equivalents 
Figure 2:  Photographic examples of atmospheric light and Kelvin correlated color temperatures 
 
Consider an atmospheric example (Fig. 2). The blue light of a snow-covered landscape at twilight is 
around 10,000 Kelvin, while the warm yellow glow of a summer sunset is around 2000 Kelvin. “Cooler” 
and “warmer” lights can have brighter and dimmer intensities, although the human eye perceives an 
equal-intensity cooler light source to appear brighter than an equal-intensity warmer light source. 
 
Another important concept of light and color is the Color Rendering Index (CRI). This measures how 
close to “natural daylight” objects appear when illuminated by a different light source. A score of 80-100 
is considered a high correlation and colors are easier to differentiate. The lower the score, the more 
difficult it is to differentiate colors. 
 
Intensity 
Since the advent of electricity, lighting fixtures have continued to grow progressively brighter, less 
expensive, and more ubiquitous. The tendency of increasing demand paralleling the increasing efficiency 
of technology is known as the Jevons paradox, and was first observed about the use of coal in 1865 
(Jevons 1865, Owen 2010).  
 
The trend continues with the advent of LED lighting, which is less expensive per unit of brightness than 
earlier lighting technologies. More and brighter fixtures are being used, and a majority of existing LED 
lighting uses cooler color temperatures, both factors contributing to increased light pollution (Luginbuhl 
2014). Light pollution worldwide from nighttime artificial illumination is recently calculated to be 
growing at a rate of 2.2% per year (Kyba 2017).  
 
LEDs 
The most current lighting technology is the light emitting diode (LED). Light is produced by flowing 
electricity through a semiconductor to produce photons, or light. Compared with earlier lighting 
technologies, the benefits of LEDs are a much longer lifespan, lower energy consumption, less generated 
heat, faster switching capability (they can power on and off quickly), and dimming capability. Unlike 
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incandescent lights, which generally take on a warmer color when dimmed, LEDs maintain their color 
when dimmed to lower intensities. A phosphor coating added to the diode most commonly creates 
various colors of LEDs. In early LED technology (1960s) colors were limited to red. Advances in the 1990s 
made white colors available, seen as a boon to the widespread application of LEDs in electronics, and 
indoor and outdoor lighting. 
 
HUMANS AND LIGHT 
How Human Vision Perceives Light 
Human vision evolved to correspond with the qualities of light throughout the Earth’s cycles of day and 
night (Figs. 3-4). We have two light receptors in the retina, cones for daytime vision and rods for 
nighttime vision. Our daytime vision is tuned to the intensity and color temperature of the sun. The 
luminance of the sun is measured at 900,000,000 Cd/m2. The upper threshold of human vision is around 
300,000 Cd/m2.  
 
Daytime vision is known as “photopic” vision. Daytime vision perceives color and is adapted to bright, 
continuous light. It is fast adjusting and has a high level of clarity and sharpness. The main 






















Figure 3: Graph showing wavelength sensitivities of human scotopic and photopic vision. Source: 
Lutkevich 2012.      
Figure 4: Chart of Luminance levels and atmospheric equivalents (after Green 2013). 
 
Our night vision is known as “scotopic,” and is tuned to moon- and starlight. These light sources are of a 
much lower intensity. A fairly bright moon can be 0.03 Cd/m2, while a clear night sky can be 0.003 
Cd/m2. The lower threshold of human vision is around 0.000003 Cd/m2.  
 
Human night vision perceives contrast and is adapted to dim, intermittent light. The main 
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photoreceptors of our night vision are the retinal rod cells. Rods do not distinguish colors, and night 
vision depends less on clarity and sharpness and more on peripheral vision and a hierarchy of shadows. 
Rods respond much more slowly than cones to changes in lighting. Between “photopic” and “scotopic is 
“mesopic” vision, in which both rods and cones are active.  
 
The Human Circadian Response to Light 
We have a third type of photoreceptor in the retina called the intrinsically photosensitive retinal 
ganglion cell, or ipRGC. These receptors are not responsible for what we think of as vision. They convey 
information on illuminance to the suprachiasmatic nucleus of the brain to entrain the body’s biological 
clock (Pickard 2011), which produces the body’s circadian rhythm.  
 
Light is the main external cue for the biological clock. Blue (short-wavelength) light produces the largest 
response (Wright 2001), and tells our systems that it is daytime. Exposure to blue light suppresses 
melatonin production, the hormone that signals night to the body. During signaled nighttime the human 
body runs regenerative functions.  
 
When the eye perceives light during nighttime, melatonin production can be suppressed and the onset 
of nighttime functions can be delayed. Figure 5 shows how much more blue is in the spectra of new 
4000K and 2700K LED streetlights, compared with existing High Pressure Sodium streetlights. The bluer 
and/or more intense the light source, the more impact light can have on nighttime rest and recovery 
functions. Suppression of melatonin and shorter rest and recovery time is linked to increased risks of 
developing obesity, diabetes, cardiovascular disease and other chronic diseases (AMA 2016). 
 
Figure 5:  Lighting fixtures sampled with the Asensetek Lighting Passport Standard Pro Spectrometer, showing 
stated fixture CCT rating, the measured CCT rating, Color Rendering Index (CRI), type of light, and color spectrum. 
(A) Duluth, MN 4000K-streetlight (B) Duluth, MN 2700 streetlight  (C) Duluth, MN High Pressure Sodium 
streetlight. Notice the large blue spike in the spectrum for sample (A) 4000K. The amount of blue light 
diminishes in (B) 3000K, with very little blue in sample (C) High Pressure Sodium. 
 
From Natural Light to Current Conditions 
Before humans developed artificial light, our circadian rhythms mirrored the cycling of diurnal and 
nocturnal phases of natural daytime and natural darkness. Humans awoke with the blue light of pre-
dawn, and shifted to night and rest with the waning daylight of sunset. When exposed to natural light 
cycles without flashlights or personal electronic devices, the urban-adapted body returns to this 
schedule (Wright 2013).  
 
5
The changing phases of moonlight are another important natural light cycle. While lunar phases are a 
recognized contributor to biological rhythms in many species including reef fishes (Takemura 2004) and 
humans, (Zimecki 2006), lunar light has been less frequently studied. A controlled study of coral 
reproduction isolated the light of the lunar phase as necessary in the reproduction of Pocillopora 
damicornis reef coral (Jokiel 1985). 
 
As an example of the how our vision adapted to the qualities of daytime and nighttime natural light, 
visualize a lit candle outside at midday (Figs. 6-7). The flame is barely visible in the bright sunlight. Now 
visualize the same-lit candle in the natural darkness of night. Up close, the candlelight appears very 
bright. At the distance of one mile, the light from one candle is still brighter than the brightest visible 





















Figure 6:  Visualization of candlelight in natural daylight conditions; candle flame is nearly imperceptible in full 
sunlight 
Figure 7:  Visualization of candlelight at night in natural darkness conditions; at a distance of one mile a candle’s 
flame is brighter than the brightest visible star in the night sky. 
 
 
LEDs and the Human Response to Light  
In the industrialized environment we have created artificial lighting cues that have displaced the natural 
light cycle signals with which we evolved (Fig. 8). Formerly, we experienced gradual transitions from 
night to dawn and sunset to night, with bright, natural daytime light and dim nighttime light. 
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Figure 8:  Left photograph shows transition to night with low level blue sky light at 10,000 Kelvin CCT and warm 
firelight at 1,000 Kelvin - 2,200 Kelvin CCT. Right photograph shows high-contrast and glare conditions caused by 
extremely bright, cool color temperature 4,000 Kelvin CCT streetlights. 
 
We now experience prolonged exposure to indoor artificial light that is much dimmer than natural 
daytime light, and much brighter than natural light at night. The outdoor ALAN most of us experience is 
exponentially brighter than natural nighttime light, and in color temperatures that affect melatonin 
production. Light pollution levels are currently so high that 80% of the United States’ population can no 
longer see the Milky Way at night (Falchi 2016). 
 
The reason the majority of existing outdoor LED lighting has cool color temperatures is due in part to the 
history of LED development, and in part to the early and pervading bias that cool color temperatures 
provide necessary visual acuity and more safety at night. These assumptions are not supported in the 
research literature, but the assumptions remain current.   
 
Light and Perceptions of Safety 
A full discussion of perceptions of light and safety is outside the purview of this paper. The assumption 
that ALAN reduces crime and creates safety has a long history with little supporting evidence. The latest 
robust study of street lighting effects on traffic safety and crime examined 62 localities in England and 
Wales practicing four streetlight strategies: turning streetlights off, partial-night lighting, dimming 
lighting and using “white” LED lighting. There was no correlation between lighting level changes and 
traffic safety. There was “imprecise” evidence of reduced crime in areas where streetlights were 
dimmed, or “white” LEDs were used (Steinbach 2015).  
 
RECOMMENDATIONS 
Is Light Necessary? 
Once the concept is grasped of how powerful our night vision is in low-light situations, visual 
alternatives to ALAN can be considered. The National Park Service publication Artificial Night Lighting 
and Protected Lands elaborates on fixture alternatives such as surface texture, contrast marking 
(Longcore 2017). 
 
Point Fixtures Down  
Point light fixtures down. If up lighting is deemed necessary, ensure that fixtures are shielded to prevent 
any light from shining past the surface it is illuminating. Keep in mind that light pollution can travel 300 
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km in all directions (Luginbuhl 2014), which translates to an affected surface area of 70,650 km2 (27,278 
mi2). 
 
Use Vertical Shielding 
Vertical shielding is necessary to prevent light trespass and reduce sky glow. While the current fixture 
standard of “horizontal cutoff” sounds reasonable, studies show that short-wavelength blue light 
scatters farther through the atmosphere creating sky glow even from a horizontal plane. The increased 
sky glow can be 1.6 – 2.4 times brighter than light from High Pressure Sodium fixtures, even at a 
distance of 300 km (Luginbuhl 2014). 
 
The current standard of preventing light trespass is to limit the spill of light beyond property lines. This 
may ameliorate human neighbors, but it does not protect the ecological quality of darkness. Use vertical 
shielding to limit light to the surfaces needing illumination. Remember to design vertical shielding to 
protect “downhill” terrain. 
 
Use Warm Color Temperatures (Amber, Orange or Red) for all general ALAN Applications 
Generally, the warmer the light, the less impact it has on human health and ecological functions 
(Longcore 2018). Cooler light color temperatures contain blue spectrum light, and it is the blue in the 
light that is most disruptive to nighttime functions and behavior. Figure 9 shows some slue in the 
spectra of samples A-C, and no blue in the spectrum for sample D, a Wildlife Lighting Amber strip light. 
Under the Florida Fish and Wildlife Conservation Commission criteria for Wildlife Lighting, the color 
wavelength of Wildlife Lighting needs to be 560 nanometers or greater (amber, orange or red light). 
 
Red wavelengths are the least impactful to melatonin production and night vision in humans (Rahman 
2018). Amber is less disturbing to nighttime insects than cooler (2000K, 22000K) colors. Red to amber 
lights have low color rendering index (CRI) scores and are the easiest for astronomers to filter out. An 
alternative to true amber LEDs with a higher CRI is “phosphor-coated” amber, or PC amber. These lights 
do not qualify as Wildlife Lighting. We have not sampled this type of LED, but due to its higher CRI rating, 
it is possible that there is blue in the PC amber spectrum.  
 
Figure 9:  Lighting fixtures sampled with the Asensetek Lighting Passport Standard Pro Spectrometer, showing 
stated fixture CCT rating, the measured CCT rating, Color Rendering Index (CRI), type of light and color spectrum. 
(A) Sample, Lumican 2200K streetlight (B) Sample, Evluma 2000K “corn cob” light (C) Duluth, MN HPS existing 
streetlight (D) Sample of Novaflex Amber Wildlife Lighting strip light. Notice the small blue spike in the spectrum 
for sample (A) 2200K. The amount of blue light is negligible in (B) 2000K and (C) HPS, with virtually no blue in the 
(D) Amber sample. 
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Wildlife Lighting has improved outcomes for sea turtle hatchlings along the Florida coast and reduced 
disorientation from light pollution for sea turtle hatchlings emerging from beach nests (Figs. 10-11). In 
areas where lighting was transitioned to Wildlife Lighting fixtures and design, sea turtle hatchling 







Figures 10 & 11: Before (on left) and after (on right) images of sites along the Florida Gulf Coast that were 




Figure 12: Sea turtle hatchling disorientation fell to zero at nesting sites after the transition to Wildlife Lighting 
Source: Shudes 2014.  
 
Warm color temperatures are less likely to cause glare. On one level, glare is created by the contrast of 
lighting-to-background ratio. We must also take into account the capacity of our night vision, which 
evolved in absence of any bright light in the cool color spectrum.  
 
*In particular cases other color spectra are recommended. For example, offshore seabirds are less 
impacted by green light (Longcore 2017). 
 
Use Low Light Levels 
Use the minimum amount of light needed. LEDs are exponentially brighter than older lighting 
technologies. They have been and continue to be specified in intensities that are much brighter to the 
human eye than older technologies, for reasons we have not been able to clearly ascertain. One aspect 
of this is the scotopic-to-photopic light ratio, which is beyond the scope of this paper.  
 
Use Low Fixture Heights 
Remember that what we are lighting is surfaces. The closer a fixture is to the surface it is illuminating, 
the less light intensity is needed.  
 
Programming and Sensors 
LED lighting can be programmed to change intensity, which can save even more energy. The most 
common pattern in the literature now is intense light at the onset of night, gradually dimming 
throughout the night, and brightening again if lighting is still used during morning hours.  
 
Programmable color LED lighting is an emerging trend in indoor and outdoor lighting. Balancing a 
segment of the public’s desire for decorative lighting will have to be weighed with the values of public 
and ecological health.  
 
Fully programmable motion sensors can be used with LED lighting. Motion sensors can be simple on/off 
sensors, or programmed for different light duration and luminance levels throughout the night. 
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One future lighting control possibility is that of regulating light to provide a consistent amount of 
luminance while taking atmospheric conditions into account. Historically, when street lighting in New 
York City was lit by hand, a lunar calendar was followed in which streetlights were not lit on the three 
days around the peak light of the full moon. Today, feedback sensors could do a similar job, not only 
with lunar cycles, but also modifying brightness depending on snow reflectivity or other factors.  
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